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1974).  Yet,  with  one  exception,  nil  of  these  individuals  had  aver- 
age hrq^4)'s  that  were  less  than  the  minimum  that  would  be  exhibit- 
ed by  a worker  who,  durinu  the  workinq  week,  was  exposed  to  the  max- 
imum level  permissible  under  OSHA's  current  noise  exposure  regula- 
t ion.  Surprisingly  enough,  the  highest  average  •*eq  (24 ) ex- 

hibited by  a worker,  but  was  exhibited  by  a 1 1 year  old  school  boy. 


SI  t'  It  Ml  f V t | ASM!  I.  At  ION  or  t MIS  •'  Aul  »•?'*' 


SUMMARY 


The  noise  exposure  of  50  individuals  was  continuously  moni- 
tored for  7 consecutive  days,  by  means  of  personal  noise  dosimeters. 
Over  the  7 days  of  the  test,  averaqe  L 's  (or  what  would  be 

termed  L , . . 1 s)  amonq  these  individuals  ranqed  from  a low  of 

eq (week ) 

66  dB  to  a hiqh  of  85  dB,  with  a median  of  74.7  dB.  Over  80  per- 
cent  of  the  individuals  had  averaqe  L ' s greater  than  the 

minimum  level  of  70  dB  identified  by  the  Environmental  Protection 
Aqency  to  protect  public  health  and  welfare  with  an  adequate  margin 
of  safety  (EPA  1974).  Yet,  with  one  exception,  all  of  these  in- 
dividuals had  average  L s that  were  less  than  the  minimum 

that  would  be  exhibited  by  a worker  who,  during  the  vo-rk  week, 
was  exposed  to  the  maximum  level  permissible  under  OSHA's  current 

noise  exposure  regulation.  The  highest  average  1.  . . . was  not 

eq (24 ) 

exhibited  by  a worker,  but  was  exhibited  by  a 13  year  old  school 
boy  . 

Although  the  range  of  1.  , ' s observed  among  the  partiei- 

eq  (24) 

pants  in  this  study  is  more  restricted  than  that  of  the  entire 
population,  the  mean  7-day  average  L ('■>})  probably  does  not  differ 
drastically  from  the  populat ion ’ s . Therefore,  the  typical  in- 
dividual, over  the  course  of  a week,  probably  has  a 7-day  average 

L , in  the  neighborhood  of  7 5 dB. 
eq  ( 4 ) 
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PREFACE 


The  research  described  in  this  technical  report  was  accomplish- 
ed under  Contract  F33615-75-C-5055  with  the  University  of  Dayton 
Research  Institute.  Although  there  have  been  numerous  estimates 
as  to  what  constitutes  the  typical  individual's  daily  noise  expo- 
sure, these  estimates  have  been  based  upon  samples  of  the  individ- 
ual's noise  exposure  rather  than  upon  continuously  monitoring  his 
exposure  over  some  representative  time  period.  In  this  investiga- 
tion, the  noise  exposure  of  50  individuals  was  continuously  moni- 
tored, by  means  of  personal  dosimeters,  over  7 consecutive  days. 

The  work  described  in  this  report  was  supported  by  The  Environmental 
Protection  Agency  and  the  biological  Acoustics  Branch,  Biodynamics  and 
Bioengineering  Division  of  the  Aerospace  Medical  Research  Laboratory, 
Wriqht-Patterson  Air  Force  Base,  Ohio. 
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intonnat  ion  on  levols  ot  environmental  noiso  requisite  to  protect 
public  health  and  welfare,  however,  similar  information  is  not 
available  on  tho  noise  exposure  aetually  experienced  by  various 
segments  o t the  population.  A next  loaioal  step  in  the  overall 
ptwuam  to  promote  environments  free  from  adverse  offeets  ot  noise 
is  an  adequate  dosoription  ot  the  total  no i so  exposures  experienced 
by  the  public  lot  a larae  number  ot  different  situations.  This 
total  noise  exposure  must  include  realistic  descriptions  ot  non- 
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W 

tM  l 

able,  pe 

r son 

a 1 no  i 

Si'  do 

s i met  ers 

ro  v i vit' 

t ho  i 

ist  t 

lime ut  a- 

t tv' 

n o 

ap 

lb  l 

l i t x t or 

do  s 

ct  i b i n 

0 tot 

a l noise 

O 

xposui 

o i n a 

vor 

y w i vh' 

t an 

*!t' 

O ! 

S \ 

t ua  t t on;; 

and 

ot  ex 

pos  ur 

e vitti  at  i 

on 

s . A 1 

t houoh 

t ho 

mer  1 t s 

and 

l l 

m i 

t at 

tons  of 

nunto 

rous  noiso 

dos  i r.u'  t e 

r s 

arc  v 

oso  r i b 

i'd  i 

n t he 

l 1 1 

O l » 

♦ *» 

! O 

llVar,  1 

973; 

K tike 

i son  , 

1 " ; 0 

i aid  i no 

\ Soil 

or  , 

1 " ; 

he  t 

lot 

# 

l'>  ’ 

' : Hovta  t 

o , l 

“77  1 , 

vi'ty 

1 i t t 1 e i 

1 t 

v'rmat  i 

oil  i s 

tvai 

lab  It' 

on 

t lu 

i r 

US 

e outs  id 

e the  occupational  sttu 

It 

l Oil  . 

T 

:n' 

a.ette  r a 1 

put  o 

ose  ot 

t his 

study  w 

IS 

t o vit 

so r i bo 

t ho 

t >'t  a l 

no  t 

t'X 

> K ' S 

ure  ot  t 

1 VO 

croups 

ot  t 

nd  i v t viua 

l s 

O V o t 

.I  pot  l 

od  o 

t seven 

day 

S J 

s 

a p 

tel  tide  t 

o OS 

t nbl  t s 

It  i nu 

t yp i ca l 

t o 

t a 1 nv 

l SO  ON 

posuros . 

lnh 

O I t 

nt 

i n 

the  eft 

or  t 

was  t h 

o dev 

e 1 opmen t 

o 

t no  i ; 

O O X p o 

sut  O 

assoss 

men  t r 

:e  t hoc 

olouy  U: 

i no 

dos t me 

t et  r.  , 

t hi'  ova 

lu 

a t i on 

v't  St'l 

OO  t i 

d no i so 

v i v 

1 ITU 

>t  e 

is 

and  t he  t 

i oa 

1 i brat 

t on  t 

roeodut  o 

S , 

and  t 

he  int 

orpi 

o t a t i on 

♦ 

t In 

no  i s 

e dosirn 

t o V 

meastt  t 

ement 

s . 

Auk  mi 

a t he  1 1 

W Si 

nice;; 

o t intoi ma  t t o 

n 

on  t In 

use  o 

t m 

l so 

dos 

i nn 

't  o 

V s 

ttt  typic 

a l i 

oeupa t 

t ona  l 

and  non 

-o 

oeupa t 

i v'na  1 

S t t V 

at  ions 

l S 

t he 

too 

lit  sot  t v 

t In 

pi  esi 

nt  t nver-t  t cat 

1 o 

n tvh'hnsv'n  a 

nd  l 

a r t na  , 

l 0 

w 

ho  i 

out  t he 

no  i i 

e expv 

sut  e 

ot  a mod 

1 o 

al  t m 

•hit  i c i an  w. 

s 

mott  t t v 

MU' 

d l 

y a dostmeti 

t tot 

U Ov 

llSOCUt  l \' 

l ' 

days  , 

.'•1  hours  \ 

or  day  . 

0v» 

1 t h t 

s l 

ot  tod  , t 

hat 

t ltd  l V l 

viua  1 

was  t-xpv' 

Si 

vi  tv'  . 

m A w t ' 

i oh  t 

od 

av» 

i ai 

TO 

SOI 

ttd  level 

O t 

'l'  dh 

win  It 

Ins  vlai 

1\ 

t. 

eq  i . 

■n  1 

anoi 

d t t out 

lO) 

t o 

a * 
' 

dl 

A. 

— . lllllllll" — - ■ jjM 


In  another  study  ISone,  N imur a and  Kono,  1977),  the  noise 

exposures  ot  45  Japanese  housewives  and  3(>  workers  were  monitored 

tot  a 24  hour  period.  Althouuh  the  ramies  of  L , ...  's  were  not 

eq (24) 

included,  the  reported  mean  L , was  t>8.fc  dB  amonq  the  house- 

eq  ( _ -1 ) 

wives  and  7 2.7  dB  amonq  the  workers.  The  Environmental  Protection 

Aqencv  (ETA,  ll>74)  describes  the  lona-term  consequence  of  a daily 

noise  exposure  of  L ...  of  73  dB  to  bo  a 9(,ttl  percentile  permanent 

eq (24)  r 

threshold  shift  (PTS)  of  5 dB  at  4000  Hit.  Consequently,  a daily 

exposure  ot  l.  ,,,  of  70'dB  should  produce  virtuallv  no  significant 
eq  (34)  1 

no  iso- induced  PTS  in  the  qeneral  population. 

The  majority  of  workers  in  the  Japanese  study  experienced 

1.  , ’s  that  exceeded  the  PPA  recommendation  of  70  dB,  as  did  a 

eq  t 2 4 ) 

substantial  pioport ion  ot  the  housewives,  ussuminq  that  the  1,  ’ s 

were  dist  ributed  in  a fairly  normal  manner . Thus,  it  appears  that 
a sizable  number  ot  these  individuals  are  reqularly  exposed  to  noise 
levels  that  are  potentially  harmful,  provided  that  the  observed 
l.  1 s were  typical  exposures. 

It  is  questionable,  thouuh,  whether  a sinale  24-hour  period 
is  representative  of  an  individual's  usual  exposure.  Then  too, 
the  typical  Japanese  exposure  may  be  quite  different  from  the 
typical  American  exposure.  Therefore,  the  present  invest iaat ion 
was.  desianed  t o continuously  monitor  the  noise  exposure  of  r'0 
Americans,  over  7 consecutive  days.  Even  with  this  lonaer  moni tor- 
mu  time,  a sample  size  ot  50  is  not  larqe  enouqh  to  represent  the 
lull  taiuie  ot  life  styles  experienced  in  America.  For  this  reason, 
this  invest iaat ion  is  best  classified  as  a "feasibility  study" . 
Nevertheless,  the  data  provided  in  this  invest iaation  should  aive 
the  reader  an  insiaht  into  the  types  of  noise  exposures  that  are 
now  occurrinu  in  the  real -world. 


SECTION  2 
METHOD 


A. 


APPROACH  IN  HRIi: F 


Th 


■ so  L'Xi'osuio  of  each,  of  50  individuals  was  continu- 


ously monitored  over  7 consecutive  days  by  moans  of  personal  noise 
dosimetets.  The  individual  's  noise  dose  was  read  and  rocuided 
every  day  at  about  8 A.M.  and  5 P.M.,  which  enabled  daily,  daytime 
(8  A.M.  to  5 P.M.),  and  night-time  (8  P.M.  to  8 A.M.)  equivalent 
continuous  sound  levels  to  be  calculated  for  each  individual  for 
each  day  of  the  7-day  test  period. 


B.  SUBJECTS 

Subjects  were  50  volunteers,  representing  five  occupation- 
al uroups:  factory  commercial  worker,  office  worker,  homemaker, 
pre-college  student,  and  college  student.  For  each  occupational 
group  5 males  and  5 females  were  selected  to  participate.  These 
subjects,  who  ranged  in  age  from  5 to  52  (with  a median  of  22.4 
years),  were  paid  for  their  participation . Preliminary  to  selec- 
tion, potential  subjects  read  a brief  description  of  the  study, 
made  ratings  on  6 subjective  variables,  and  signed  a declaration 
of  voluntary  informed  consent. 

Initially,  volunteers  were  recruited  through  advertise- 
ments that  had  been  placed  in  local  and  campus  newspapers.  As  the 
study  progressed,  though,  many  additional  volunteers  were  recruited 
through  their  contacts  with  friends,  associates,  or  family  members 
who  had  already  participated  in  the  study.  A volunteer  was  select- 
ef  for  participation  if  his  (or  her)  occupation  and  sex  coincided 
with  those  needed  to  fill  the  requirements  of  a particular  occupa- 
tional group.  With  respect  to  the  factory/commercial  occupational 
category,  the  selection  process  may  have  prevented  individuals  with 
very  intense  noise  exposures  from  volunteering.  Since  the  term 
"factory/commercial  worker"  may  convey  the  impression  that  the 


worker  is  necessarily  exposed  to  relatively  high  intensity  occupa- 
tional noise  and  since  in  any  case  it  is  difficult  to  classify 
occupations  into  factory,  industry,  construction,  etc,  the  actual 
job  descriptions  are  provided  for  each  of  the  10  subjects  listed 


in  this  c ateqory. 

The 

job  de 

script  ions 

of  these  subjects,  listed 

as  subjects  1-10 

in  Apt 

■>endix 

A , fi  re  : 

7 -Day  Enerqy 
Average  Leq(g) 

Factory . y Coniine  rc  i a 1 
Worker 

Wo.  (Sex,  Age) 

Type  of  Job 

77.8 

1 

(Male, 

54) 

Production  line  employe 
in  an  automotive  tire 
manufacturing  faci lity . 

82. 7 

7 

(Male , 

47) 

Sheet  metal  worker,  in 
a sheet  metal  shop. 

7 3.8 

a 

3 

(Male, 

38) 

Technician,  works  with 
hydraulic  pumps. 

78 . 7 

4 

(Male, 

31) 

Technician,  works  with 

man-rated  vibration  plat- 
forms . 


86 . 0 

5 

(Male,  2 

7) 

Technician,  works  in  meter 
repair  shop  around  high 
pressure  air  hoses  and 
va Ives. 

74.2 

6 

( Fema 1 e , 

4 5) 

Production  line  employee, 
automotive  assembly  plant. 

71.5 

7 

( Fema 1 e , 

20) 

Works  in  construction  area, 
cleaning  out  newly  con- 
structed homes. 

70.0 

8 

( Female , 

21) 

Production  line  employee 
for  an  electronics  company, 
assembling  switch  component 

70.4 

9 

( Fema 1 e , 

17) 

Works  in  a laundry. 

79.1 

10 

(Female , 

44) 

Production  line  employee , 
automotive  assembly  plant. 
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c. 


PROCEDURES 


The  subject's  noise  exposure  was  continuously  monitored 
for  7 days  by  means  of  a noise  dosimeter  which,  during  waking 
hours,  was  worn  on  his  person.  He  was  free  to  attach  the  dosimeter 
in  whichever  of  several  ways  (e.g.,  clipped  to  his  belt,  in  a 
pocket,  in  a case  suspended  from  a shoulder  strap)  that  proved  to 
be  most  comfortable.  The  dosimeter's  microphone,  however,  was 
always  worn  outside  of  the  subject's  outer  garments,  generally 
between  his  breast  and  shoulder. 


For  sleeping  purposes,  the  subject  was  instructed  to  remove 
the  dosimeter  and  place  it  nearby,  as  close  to  his  head  as  possible. 
Likewise,  while  engaged  in  strenuous  activities  (such  as  football 
or  basketball)  or  in  other  activities  that  precluded  wearing  the 
dosimeter  (like  taking  a shower) , the  subject  was  also  instructed 
to  remove  the  dosimeter  and  place  it  nearby. 

Although  three  different  types  of  dosimeters  were  used  in 
conjunction  with  this  investigation,  their  basic  operation  was 
identical.  Above  some  threshold  intensity,  they  accumulated 
"counts"  at  a rate  proportional  to  noise  intensity  in  accordance 
with  the  3 dB  doubling  (equal  energy)  rule. 


In  a calibration  check,  it  is  determined  how  many  counts 
are  accumulated  per  unit  of  time  when  the  dosimeter  is  exposed  to 
a sound  source  of  known  intensity.  Knowing  this,  counts  accumu- 
lated when  the  dosimeter  is  actually  worn  can  readily  be  converted 

into  L . , where  L is  the  equivalent  continuous  sound  level 

eq(t)  eq  (t) 

for  the  time  period,  t,  being  considered.  The  conversion  equation 
is  shown  below: 


Leq (t) 
t 
C 
K 
I 


C 


o 


10  log  (K  • ^) , where 

time,  in  seconds,  dosimeter  was  worn 
counts  accumulated  during  that  interval 

(iox)/co 

intensity,  in  Bels  of  sound  source  used  in 
calibration  check 

counts  accumulated  per  second  during  calibration 
check . 


9 


• . . - — 


The  dosimeters  used  in  this  project  incorporated  "A-weiqhted" 
frequency  networks. 

Prior  to  providing  t ho  subject  with  the  dosimctei  he  would 

be  usinq  durinq  the  test,  the  experimenter  inserted  new  batteries 

and  checked  the  dosimeter  calibration.  For  the  calibration  check, 

which  was  repeated  5 times,  the  experimenter  exposed  the  dosimctei 

to  a 1000  Hz  tone  for  OH.  1 seconds  at  04  dll.  Durinq  the  7-day  test  , 

tin'  batteries  were  replaced  every  day  or  two  (depend inq  upon  the 

type  of  dosimeter)  , either  by  the  experimentei  , the  subjects,  or, 

in  the  case  of  very  younq  children,  by  the  subject's  patents.  At 

the  end  ot  the  test  period,  before  replacinq  the  battei ies,  the 

experimenter  checked  the  dosimeter's  calibration  an  additional  '> 

times.  From  the  total  counts  accumulated  durinq  the  pro-  and  post  - 

test  cal ibrat ion  checks  the  mean  number  of  count s pot  cal ibrat ion 

check  was  calculated,  which  was  used  as  t he  constant , C , in 
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»•:.  OMPKNUIINT  V'ARl  AhLF.S 

Noise  exposure  Vat  i.d'les:  For  oaoli  day  ot  t ho  7-day  tost  , 
t dosimetry  vaiiablos  wore  calculated  for  oaoh  sub.joot  : 

1.  1.  , . . --  ooiiivalont  24-hout  continuous  sound  lovol,  ox- 

oq(24) 

pressed  in  decibels  (dh)  . Ideally  it  was  based  upon  t hi*  time  in- 
terval, B A.M.  to  B A.M.  llowevot  , it  t ho  sub  joet  , toi  example, 
made  his  first  reading  on  one  day  at,  say  A.N.,  and  lus  first 
readin>|  on  the  subsequent  day  at  B A.M.,  the  1.  ...  would  aetuall 

O']  t . -i  ) 


won  1 it  ae  tu.i  1 1 v 


be  based  on  .M  i at  hot  than  .'•!  hours 


2.  1,  , . — equivalent  B A.M.  to  p.M.  eont  i tiuous  sound 

eq  l day ) 

level,  expressed  in  ill'  (adjusted  when  tuvessary  to  ooinoide  with 
t he  B - B t i nu'  interval'  . 


1.  1, 


'quivalent  B P.M.  to  tl  A.M.  i'i > n t inuous  sound 


eq tn iqht ) 

love  l,  expressed  in  dh  (adjusted  when  mvessaiy  to  eo  i no  i do  with 
t he  B - B t i me  i lit  etva  1 ) . 

Ailii  i t i on. 1 1 1 y , an  enemy  average  was  calculated  t v > i each  ot  the 

three  vai  tables  i>vei  the  ! days  ot  the  test  . These  enemy  aveiaues 

ate  i e t e t t ed  tv'  as  a ve  raue  1 , . , . , ave  t nao  l,  , . , and  nve t nae 

eq  ( 24  ) eq  l day  ) 

1,  , hut  what  is  an  enemy  avei aqe  1.  .'  Opera  t tona  1 l v , t'' 

eq  itu  '|h  t ) oi) 

obt  a i n an  etiet  av  avei  aqe  1.  : 

eq 

a.  the  7 datls'  1,  's  are  eonvoi  ted  into  t he  i t onetqv 

eq 

e.|Ut  valent  s (by  simply  lakin>i  the  antiloq.,.  ot  the  1.  's  expresseil 

It)  eq 

i n he  Is)  ; 

b . the  mean  (at  it  time  t l e average)  >1.1 1 1 y one  t ay  equivalent 
i s ea  1 i'ii  I a t od  ; and  t hen 

e.  the  1 own  tit  hut  j ^ "t  the  mean  'la  i 1 y enemy  equivalent 
is  taken,  whieh  when  multiplied  by  It'  boeomos  a ’-day  enemy  avei  nee 
1 , e\pl  t'SS.ed  l tl  'It''-  l be  Is. 

eq 


As  a concrete  example,  suppose  that  an  individual  had  daily 

L n.,  's  of  60,  70,  70,  80,  60,  70,  and  80  dB.  In  that  case  his 
eq  ( 2 4 ) 

7-day  energy  average  Leq(24)  would  then  equal  10  x log|(10u  + 10 
7 S 6 1 * ft 

+10  +10  +10  +10  +10  )/7],  or  75.2  dB  which,  incidentally 

is  quite  different  from  his  mean  L , „ . . , viz.,  70  dB. 

eq ( z 4 ; 

Subjective  Ratings:  Each  subject  made  ratings  on  6 subjective 
variables  before  the  start  of  the  7-day  test.  In  this  way,  they 
rated  their  relative  noise  exposure,  relative  work  exposure,  pre- 
ferred music  volume,  loudness  of  favorite  hobbies/recreation 
activities,  loudness  of  the  one  favorite  hobby,  and  the  hazardous- 
ness of  their  normal  noise  exposure.  At  the  completion  of  the 
test,  they  were  required  to  make  3 additional  subjective  ratings, 
viz.,  they  rated  the  percent  of  time  the  dosimeter  had  been  used, 
the  degree  of  inconvenience  associated  with  wearing  the  dosimeter, 
and  the  amount  of  noise  to  which  they  had  been  exposed  during  the 
test,  relative  to  their  normal  exposure. 

Audiometric  Variables:  All  except  two  of  the  50  subjects 
were  given  audiometric  tests  following  the  7-day  test.  One  sub- 
ject, a 5 year  old  girl,  was  afraid  to  go  into  the  audiometric 
testing  chamber.  Another  subject,  a 21  year  old,  male  college 
student,  was  never  given  an  audiometric  test  because  agreeable 
scheduling  could  not  be  worked  out. 

The  audiometric  test  produced  hearing  threshold  levels  (HTL's) 
.it  frequencies  of  .5,  1,  2,  3,  4,  and  6 KHz  for  both  ears.  For 
data  analysis  purposes,  these  were  converted  into  combined  HTL's 
at  each  frequency  --  which  is  simply  the  mean  of  the  left  and 
right  ear  HTL's. 
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SECTION  \ 
RESULTS 


A.  DOSIMETRY 

The  most  important  concern  of  this  investigation  was  "How 
much  noise  are  people  exposed  to  during  the  course  of  their  ordinary 
activities?"  In  order  to  answer  this  question,  it  was  necessary 
to  look  at  the  dosimetry  data  in  a variety  of  ways. 

Daily  L , ..  ’s:  To  provide  some  insight  into  both  the  magni- 
eq  i _ 9 ; 

tude  and  variations  in  noise  exposure  that  the  participants  in  this 
study  were  exposed  to  during  course  of  the  7-day  test,  1 data 

are  summarized  in  Table  1 for  each  day  of  the  test. 


TABLE  1 

SUMMARY  OF  DAILY  EXPOSURES 

L , , . , in  dB 
eg (241 


Day 

Mean 

SD 

Range 

50th  Aile 

90  th  A 

Monday 

72 . 8 

5 . 8 

62-88 

72 . 8 

79.0 

Tuesday 

•'4  . 1 

5 . 3 

6 3 - 8 6 

74.3 

81.2 

Wednesda y 

72.8 

5 . 3 

62-85 

73.2 

8 0.1 

Thursday 

73.4 

5 . 3 

64-85 

74  . 1 

80 . 2 

F r iday 

74  . 1 

4.7 

65-87 

74  . 5 

79 . 4 

Saturday 

73.8 

4 . 7 

63-88 

7 3.6 

79.1 

Sunday 

71.4 

5.8 

59-85 

71.1 

78.9 

Total  (350 

L , ’S] 

eq  ( 2 4 ) 

73.3 

5 . 3 

59-88 

7 3.4 

79 .8 

Average  '■ 

Leq (24) 

74.5 

4 . 1 

b b - 8 5 

74.7 

79 . 9 

Energy  Average  (for  explanation,  see  the  description  of  the  dosim- 
eter variables  in  the  "Method"  section). 


1 , it  can 


anti 


From  inspection  ot  Table  1,  it  can  be  soon  that  the  mean 
median  (‘>0*  ' percentile)  l,  ’s  were  quite  similai  --  reflect  - 

I't  {(•*»/ 

mu  tin'  tact  that  tin'  l.  , , . 1 s were  fairlv  m'rmallv  distributed. 

eq  t . I ) 

Althouuh  1,  ,,.'s  differed  s i uni  f i cant  l v amonu  davs  (F  , 

eq  ( 2 4 ) ‘ (’ , - '•! 

t.t'J,  p .05),  they  ilid  not  do  so  in  any  particular  systematic 
t ash i on . 
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1,  versus  1,  . : Concern  over  potent  ially  ha/ard- 

eq  (day  1 eq (niuht' 

nois.e  exposure  has  primal  ily  been  directed  towards  orrupat  ional 

e exposure.  Thus,  the  quest  ion  that  boas  to  be  asked  is  "How 

ol  the  L,  can  be  attributed  to  daytime  noise  exposure 

eqt.M) 

upat  iona  1 I'xpor.uii',  s i noo  the  pa  r t i o i pan  t s all  worked  day  sh  i t t ' 
how  much  can  be  attributed  to  niuht  time  exposure?"  Aeeordinu- 
exposure  data  ate  presented  tor  day  and  niuht  in  Tables  . and  >. 


1 (' 


-rr- 


FFMMARY  OF  PAY T IMF  FXFOSFRFS 

l8  A.M.  to  5 P.M.) 

L . . , in  dB 

eg (day) 

Day 

Mean 

SP  Range  50th  'll 

Monday 

-j  ^ C 

o . 3 6 3 - 4 3 ‘'3.1' 

Tuesday 

"4  .9 

3 .5  b 3 - 8 s ' 4 . 3 

Wednesday 

'3.0 

b . 3 b 0 - 8 7 '3.5 

Thur  sday 

’4 . : 

b . 0 5'-88  '4.1 

Fr 1 day 

'4 . : 

5.0  o 3 - 8 5 '4.1 

Sa  t urday 

'5.4 

5 .3  b 5- 4 3 '5.1 

Sunday 

'2.2 

b . 3 b l - 8 b '3.3 

Total  3 30 

’ ] 

eg  iday 1 

'4.1 

5 .8  5 ' - 0 3 '4 . 0 

Ave raue  1 

1 eo,  iday ' 

"*  s 3 

4 . b ' - 8 b '3.1 

T.ABI.F  3 

S 

F MM  ARY  OF  N’.O.H'T  TIMF  FXPOSFRl 

( 5 P . M . t O 8 A 

L , . . , 1 n dP 

Pa^ 

Me 

an 

SD  Ranee  50 ( ^ 

Monday 

’l 

. 6 

^ " 8 l-'  ' , (a 

Tuesday 

2 2 

■> - $ ■>  > . 3 

Wednesday 

' l 

. \ 

t>  . 4 *>  0 - S > 3 . 

Thursday 

7 l 

*> 

•'  .8  b L - 8 ' ' 1 . 8 

Fr iday 

’ 

b . 3 ' 8 - 8 ' ' . 8 

Satut day 

.0 

> . b ''-84  ' ' . 8 

Sunday 

"0 

. t> 

b.l  ''-84  '0.' 

Total  l 3 30 

“eg * n i ght ' 

s|  'l 

• S 

b . 0 -"'0-8"  '''.1 

, 1 

A\  e ! a>;e 

T 

‘ i'i|  i n l :h  t ' 

- i 

. o 

4 . 0 t'  ' -8-1  ' 4 . b 

In  glancing  over  both  the  day  and  night  I,  's,  it  can  be 
seen  that  the  I'eq(diy )'s  are  higher  than  the  correspond- 

ing L , . ...'s.  And,  when  the  average  L 's  were  compared  by 
means  of  a t-test,  significant  differences  (t^  = 4.11,  p «-  .05) 
were  detected.  The  mean  difference  between  day  and  night  for  the 
people  studied  was  only  about  1.7  dB  which  is  of  little  practical 
consequence . 


Leq/24)  anc*  0ccuPati°n:  It  will  be  recalled  that  among  the 
participants  in  this  investigation,  there  were  10  sub-jects  in  each 
of  five  occupational  groups.  Average  ( ^4 ) m°ans , in  decibels, 
are  shown  by  occupation  below: 


Factory/ 

C oiume  re  i a 1 

Of  f ice 

Homemaker 

Pre-Col lege 

Col lege 

74.9 

7 3.4 

74.3 

76.2 

73.5 

From  inspection  of  these  values,  it  can  be  seen  that  the 

differences  in  average  L , , , among  occupations  were  slight.  Al- 

eq ( 2 4 ) 

though  these  differences  were  not  significant  ( F ^ ^ r = 0.75, 

P s .05),  it  is  of  interest  to  note  that  the  highest  average 

L , , . ' s were  associated  with  the  pre-college  student  group  -- 
eg  ( 24  ) 

a group  of  youngsters  ranging  in  age  from  5 to  16  years.  Average 

1,  ,,,'s  for  the  factory/commercial  workers  would  suggest  that 

eg ( 2 4 ) 

their  average  oeeupational  environments  did  not  involve  intense 
industrial  noise  exposure. 

L and  Sex:  Average  L . . . ' s differed  slightly  as  a 

eg (241  eg ( 24 ) 

function  of  sex  (male  - 75.3  dBA;  female  - 73.7  dBA) , however, 
this  difference  was  not  significant  ( t ^ ^ = 1.41,  p % .05). 

Highest  Fxposure  Levels:  From  the  L^  ' s that  have  been  pre- 
sented so  far,  it  is  evident  that  at  least  some  participants  were 
exposed  to  fairly  high  levels  of  noise  during  the  course  of  the 
7-day  test.  But  who  are  these  individuals?  To  answer  that,  those 
5 individuals  who  exhibited  the  five  highest  median  L ^4)'s  woro 
identified.  Their  exposure  data  are  summarized  in  Table  4. 


1 S 


tub  loot  ' S --  i a 1 t vi’ar  old  bov  who  exhibited  the  liMhost 


mod 

i an 

l‘oq  ( 24  ) ' H1 

s re  1 at  i ve 1 v high  1 , 

eq 

' s can 

bo  at t r i but 

ed  t o 

t he 

t ac 

t that  he  to 

do  a mini -bike  nearly 
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day  after  s 

ohoo  1 

and 

, on 

t he  weekend 

as  well.  His  HTl.’s 

at  each 

aud i owe t i i 

c fre- 

quo 

ncy , 

however,  we 

re  less  than  0 dH. 

TABLE  4 

PARTICIPANTS  WITH  HIGHEST  EXPOSURE  L 

EVELS" 

Sub iect 

T 

Lt 

eq  [ 

- 4 ) eq  U 

lay  t 

L 

eq 

. . . A 

i night ) 

Median 

Range  Median 

Ranee 

Med ian 

Range 

3 5 

84.9 

3 3-8“  8 n . 5 

84-88 

3 3.3 

8 0-88 

5 

80 .9 

“ 2 - 8 S 8 3 . 8 

“3-92 

*"5.7 

o 5 - S 4 

39 

8 0 . o 

“4-86  83.5 

6 7 - 8 8 

"8.1 

o 2-82 

79.2 

7 o - 8 4 81.6 

“3-87 

” . 3 

“ 5 - “ 9 

24 

79 . 3 

“b-82  82.3 

7 6 - 8 4 

"4  .0 

74-81 

factory  commercial  worker, 


Subject  5 --  is  a 2 7 year  old  male 
who  works  m a meter  repair  shop  around  hi ah  pressure  air  hoses 
and  valves.  His  I,  v's  wore,  with  the  exception  of  Sunday, 

s,  which  suuuosts  that  his 


However,  his  highest  I,  87.9  dH,  was  not 

eq  ( ~ 4 ) 


eq  (day ) 

considerably  higher  than  his  L , , . 

eq  (n  i oht  1 

occupational  noise  exposure  was  more  severe  than  iris  non-occupa- 
t tonal  exposure, 

work-connected.  Instead,  it  occurred  on  a Saturday,  during  which 
time  he  was  intermittently  working  on  a iig-saw.  On  that  particu- 
lar day,  his  L , . . was  91.5  dH  and  his  L , . . , , was  83.7  dH , 

1 eq(day)  eq (night) 

both  of  which  exceed  those  of  any  other  day.  Except  at  6000  Hr. 
(which  were  slightly  higher  than  10  dH) , his  HTL's  were  quite  close 
to  0 dH. 


1 

“The  sub ire t numbers  used  in  Tables  A and  5 correspond  to  the 
numbers  used  in  Appendix  A. 


I'1 





Subject  39  --  is  .1  1J  year  old  oirl.  She  played  soccer  two 

ovoninas  duritu]  the  test.  And,  in  the  afternoons  she  practiced. 

oymnast ics  at  school . These  activities  seem  consistent  with  the 

tact  that  her  1-  . , 's  were  aenerallv  cons  l derab  1 v hiaher  than 

eqlitay) 
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participants  provided  with  self-roadina  dosimeters  iH.xK,  Computer 
Knq  i neer  t no ) were  requested  t >.'>  take  additional  dosimeter  readings 
(i.o.,  in  addition  to  t lu'  S A.M.  and  5 P.M.  roadinqsl  when  they 
were  onaaqod  in  particularly  noisy  activities,  and  to  indicate  what 
these  activities  were  on  their  noise  exposure  recording  sheets. 

Of  tin'  35  participants  that  were  provided  with  self- read inn  dosim- 
eters, 1.'  participants  kept  records  that  were  sufficiently  detailed 
that  specific  activities  could  be  associated  with  their  own  equiv- 
alent continuous  sound  levels  lb  ’si.  The  specific  activity  data 

eq 

for  these  IS  participants  are  summarised  in  Table  5. 

Table  5 shows  certain  activities  were  associated  with  vastly 
d i sproport  ionat  e amounts  of  the  sound  enemy.  For  instance,  while 
work  inn  with  a jiq-saw  constituted  only  n.h*  of  subiect  5 ' s total 
exposure  time,  that  one  activity  produced  ^ C . *1  ot  his  total  ex- 
posure (i.e.,  of  the  total  sound  enemy  to  which  he  was 
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TABLE  5 

SUMMARY  >F  NOISE.  EXPOSURE  BY  IDENTIFIABLE  ACTIVITY 


Subject  5 


T i me  ( h r s ) 


% Total 
Time 


* Total 
Expos  a: 


Average  Sound 
Level  idB) 


In  car 

$ 

4 .8 

J l a- S aw 

1 1 

X J, 

6 . 5 

All  Other 

149 

38  . ~ 

168 

100.0 

Subject  0 

To  bank 

5 

1 ? 

Loa  f ing 

6 . 5 

3.9 

Cooking 

0 . 3 

0 . 2 

Watching  T\ 

5 

3.0 

Entertain ing 

5 

3 . 0 

Laundenna  t 

5 

3.0 

Cleaning  Carpet 

3 . 5 

-)  } 

_ . l 

All  Other 

140 . 7 

8 ' . c 

168 

100.0 

Subject  14 

In  car 

3 

1.8 

All  Other 

165 

98.2 

168 

100  .0 

Subject  16 

In  car 

3 

1 . 8 

Cook l ng 

1.2 

All  Other 

16  3 

97.0 

168 

100.0 

Subject  17 

Dress ing 

0 . 5 

Q _ 1 

Proof  reading 

1.2 

Typ  i ng 

6 

3 . 6 

Watching  rv 

1 . 2 

3owl ing 

6 

3 . 6 

All  Other 

151.5 

90  . 1 

168 

100.0 

Subject  20 

Watching  TV 

10 

6 . 0 

Movie 

■“) 

1 . 2 

Rock  Concert 

4 

2 . 4 

All  Other 

152 

QO  . 4 

lo8 

100.0 

c .0 

5: . 4 

4 1 . s 

100 .0 


100 .0 


11  . 3 
38  . " 

100.0 


100.0 


7 . 1 
0 . 3 
7 . 1 
0 . 8 
35  ." 
_42_J_0 

100.0 


18.3 

100.0 


83-d 

01.6 

70.3 

SO.o 


-0 . 1 
’ 4 . 5 
7 5.3 
7 0.7 


So  .0 
"’7.6 
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TABLE  5 (Continued) 


% Total  “4  Total  Average  Sound 
Tame  (hrs)  Time  Exposure  Level  (dB) 


Subject  2 2 


Bow  1 1 ng 

11 

6.5 

36  . S 

79  . 5 

Pinball 

3 

1.8 

10.0 

79 . 5 

TV  Music 

3 

1.8 

1 . 5 

71.1 

Bowling  Pinball 

6 

3.6 

20 . 1 

79 . 5 

All  Other 

145 

8 6.3 

31.6 

67.6 

168 

100.0 

100.0 

72.0 

Subject  23 

Working  on  Car 

30 . 5 

18.2 

20.4 

77 . 5 

In  car 

J 

1.3 

1 .7 

76.9 

All  Other 

134.5 

SO  .0 

77  .9 

76.9 

168 

100.0 

100 .0 

77.0 

Subject  2d 

Housework 

25 

14.9 

I J . J 

71.0 

Playing  Cards 

4 

2 .4 

3 . 7 

73.4 

All  Other 

139 

32.7 

83.0 

71.5 

Subject  29 

16S 

100.0 

100.0 

71 . 5 

In  car 

5 . 5 

3 . 3 

20 . 8 

7S  .3 

Conversation 

1 . 5 

0.9 

4 . 2 

77.0 

All  Other 

161 

95.3 

75.0 

69  . 2 

168 

100.0 

100.0 

74  .2 

Subject  3o 

Party 

4 

2 . 4 

5.0 

7 2 

All  Other 

164 

97.6 

95.0 

6S.9 

168 

100.0 

100 . 0 

69 . 0 

Subject  43 

Walk Lng 

1 

0.6 

0 . 3 

70.7 

Raking 

8 

4 .3 

4 . 1 

73.0 

Shopping 

1.8 

6.9 

'9.5 

Studying 

16 

9 . 5 

1.0 

6 3.7 

Church 

■> 

J 

1.8 

8 . 4 

85 . 1 

All  Other 

137 

31.5 

79.3 

73.4 

168 

100.0 

100.0 

^3.6 

exposed  over  the  course  of  the  7-day  test).  Even  more  striking, 
one  4-hour  rock  concert,  while  constituting  only  2.4%  of  subject 
20 's  total  exposure  time,  produced  75.3%  of  her  total  exposure. 

The  identifiable  activities  that  produced  the  five  highest 
average  sound  levels  included  the  two  just  mentioned  (working  with 
a jig-saw,  91.6  dB;  attending  a rock  concert,  90.2  dB) , riding  in 
an  automobile  (86.0  and  83.6  dB) , and  attending  church  (85.1  dB) . 

Riding  in  an  automobile  was  an  activity  for  three  additional 
participants,  for  whom  it  was  associated  with  average  sound  levels 
of  78.3,  76.9,  and  76.9  dB.  While  watching  television,  average 
sound  levels  were  73.8,  70.7,  and  66.7  dB.  Cooking  was  associated 
with  average  sound  levels  of  75.3  and  76.3  dB,  while  bowling  was 
associated  with  sound  levels  of  78.3  and  79.5  dB. 


B.  SUBJECTIVE  RATINGS 


Distribution  of  Responses:  Each  of  the  50  subjects  made  ratings 
(see  rating  scales  in  Appendix  C)  on  9 subjective  variables.  The 
distributions  of  responses  to  these  items,  plus  comments  when 
appropriate,  are  shown  below: 

1.  In  comparison  to  others,  how  often  do  you  feel  you  are 
exposed  to  loud  noises? 


% Responses 


Response  Category 


8 

26 

40 

24 

2 


great  deal  less 
little  less 
about  the  same 
little  more 
great  deal  more 


2.  How  would  you  rate  the  amount  of  loud  noise  you  are  ex- 
posed to  at  work  (or  school)  compared  to  the  amount  you  are  exposed 
to  at  home  or  away  from  work? 


isponses 

Response  Category 

4 

great  deal  less  at 

work 

20 

less  at  work 

30 

about  equal 

26 

more  at  work 

20 

great  deal  more  at 

work 

23 
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7.  With  the  exception  of  when  you  were  sleeping,  about  how 
or  ten  did  you  wear  the  dosimeter? 

* Responses  Response  Category 

0 almost  never 

0 25*  of  the  time 

4 half  ot'  the  time 

32  75*  of  the  time 

64  almost  all  the  time 

During  waking  hours,  the  subject  was  instructed  to  remove 
the  dosimeter  and  place  it  nearby  whenever  engaged  in  parti- 
cularly strenuous  activities  or  in  other  activities  that  precluded 
wearing  a dosimeter.  From  their  responses  to  this  item,  it  appears 
that  the  subjects  did  wear  their  dosimeters  during  a substantial 
portion  of  their  waking  hours.  One  of  the  two  subjects  that  re- 
ported having  worn  their  dosimeters  "about  half  of  the  time"  in- 
dicated that,  at  times,  she  had  placed  her  dosimeter  nearby  when 
she  was  sitting  at  a desk.  Although  "sitting  at  a desk"  does  not 
preclude  wearing  a dosimeter,  the  microphone  was  in  close  proximity 
to  her.  Consequently , this  probably  did  not  adversely  influence 
her  dosimeter  readings. 

8.  How  inconvenient  did  you  find  it  to  wear  t he  dosimeter? 

* Re spo 1 1 s os  Respo nso  Catogor v 

24  very 

54  slightly 

2 2 no t.  at  all 

Seventy-six  percent  of  the  participants  reported  that 
wearing  a dosimeter  had  been  either  slightly  or  not  at  all  incon- 
venient. Only  24*  reported  that  it  had  been  very  inconvenient. 
While  these  responses  to  wearing  a dosimeter  were  not  particularly 
unfavorable,  they  would  probably  have  appeared  more  favorable  it 
this  item  had  been  worded  to  emphasize  "convenient"  rather  than 
emphasizing  " inconvenient . " 


. In  comparison  to  the  amount  of  noise  you  feel  you  arc 
usually  exposed  to  in  a week,  the  noise  you  were  exposed  to  this 
past  week  was: 


% Responses 


Response  Category 


2 

much 

less 

than  usual 

14 

less 

than 

usual 

72 

about 

the 

same 

12 

more 

than 

usual 

0 

much 

more 

than  usual 

Subjective  Ratings  x Occupation:  After  the  subjective  ratings 
were  made,  the  subject's  responses  were  converted  into  numerical 
values  from  1 to  5 , where  the  first  response  category  was  assigned 
a value  of  "1"  and  the  last  category,  a value  of  "5"  (or,  in  the 
case  of  the  eighth  subjective  variable,  a "3").  Then,  for  each 
subjective  variable,  a one-way  analysis  of  variance  was  performed 
in  which  occupation  was  treated  as  the  independent  variable.  These 
analyses  are  summarized  in  Table  6. 


TABLE  6 

x OCCUPATION:  SUMMARY  OF  ANALYSES 


SUBJECTIVE  RATINGS 

Subjective  Variable : 

Relative  Exposure* 

Relative  Work  Exposure* 

Preferred  Music  Volume 
Hobby  Recreational  Loudness 
Favorite  Hobby  Loudness 
Hazardousness  of  Exposure 
Amount  Dosimeter  Worn 
Dosimeter  Inconvenience  3.0 

Noise  During  Test  Week  2.7 


Of f ice 

Home 

maker 

Pre- 

College 

College 

2.5 

2.4 

2.8 

2 . 9 

3 . 1 

2 . 6 

3.4 

3.4 

3.2 

3.3 

3.2 

3.3 

2.8 

2.7 

3.0 

2 . 8 

2 . 6 

2 . 9 

i 7 

2 . 8 

2 . 1 

1.7 

i ■> 

2 . 5 

4 . 6 

4 . 6 

4.4 

4 . 4 

3.2 

3.2 

2.8 

2.6 

3.1 

2.8 

3.0 

3.1 

Facto ry/ 
Connie  rcial 

3.7 
4 . 4 

2.9 

2 . 8 

2.7 
2.0 

4 .8 


* 

Statistically  significant,  p «•  .05. 


From  inspection  of  Table  0,  it  can  be  seen  that  significant 
differences  (p  < .05)  were  detected  .is  a function  of  occupation 
on  two  of  tlu'  subjective  variables:  the  relative  exposure  variable 
(variable  1)  and  the  relat  ive  work  exposure  variable  (vai  iable  .’). 


Considerinq  tlu’  response  cateqories  for  variable  1,  it  is  eleai 
that,  on  the  average,  the  factory/commercial  workers  thought  them- 
selves exposed  to  loud  noises  more  often  than  those  in  the  other 
occupational  q roups.  Considering  the  mean  ratings  on  Variable  2, 
it  is  apparent  that  the  factory/commercial  workers  telt  themselves 
to  be  exposed  t o more  loud  noise  at  work  than  did  t hose  in  the  other 
oeeupa t i ona 1 q roups . 

C.  AUDIOMKTRY 

Hearing  Threshold  bevel:  Combined  IITL’s  at  t>  audiometrie 
frequencies  are  summarized  in  Table  7 for  those  lit  part  icipants 
who  took  the  audiomett  le  tests. 

tabu:  7 

SPMMAKY  or  111 :AR  1 NO  TlIRKSHObb  l.lATd.S 


{••  requency 
(KHz) 

Mean 

sn 

Ranee 

50th  ‘file 

00 1 h v i 

. 5 

6.0 

6 . 2 

-9 

to  17 

5 . 5 

13.5 

1 

3.0 

7.0 

-9 

to  22 

2.5 

13.0 

2 

1 .0 

7.0 

-0 

to  2 3 

0.2 

11.7 

3 

2 . 6 

6.7 

-9 

to  15 

2 . 5 

13.4 

4 

5.4 

13 . 5 

-10 

to  2.7 

5.4 

13.0 

f> 

11.9 

11.3 

-7 

t o 6 0 

10.4 

2 3.0 

Oeeupat  ion  and  HT1, : 

Comb  i 

nod  llThs 

at  .5,  1,  2, 

3 , 4 and 

KHz  were  analyzed  by  separate  one-way  analyses  of  variance  in  which 
occupation  was  treated  as  the  independent  variable.  These  analyses 
are  summarized  in  Table  13. 

It  can  be  seen  that  significant  differences  (p  < .06)  in  11Tb 
were  detected  amonq  occup.it  ions  at  each  audiometrie  frequency  except 


.5  and  2 KHz.  At  3,  4,  and  6 KHz,  factory/eommere ia  1 worker  s had 
the  hiqhest  llTl.'s,  but  only  sliqhtly  hiqher  t hair  office  workers. 


is  not  known. 

Then 

too,  HTh's  are 

also  qreatly  influenced  by  vari- 

shies  such  .is 

aqe,  t 

ime  on  the  job 

, past 

mi  1 i tary/recreat ional  nois 

exposure,  and 

etc. 

As  wouli 

i be  expected, 

for  example,  siunifieant 

cot  re  1 at  l ons 

ip  - . o 

5)  were 

found 

bet  ween 

age  and  HTI,  at  each  audio 

met  rii*  t i equoticy  ( r 

0. 32  ; 

0.47; 

0.51 ; 0 

. 58 ; 0.61;  and  0.45)  . 

TAP  hi’ 

8 

C0MPAK1 

SONS  OF 

HTh'S 

AMONO  OCCUPATIONS 

Ilea  i 

inq  Threshold 

hove  1 (in  dH)  , Mean 

Oceupat  ten 

Mean 

.Vje 

. 5 

1 * 

Frequency  (KHz) 

2*  1*  4*  6* 

Pae t ory 

Comme  t i ca  1 

34  . 4 

6 . 8 

4.6 

5.7 

6.5  10.7  19.  (> 

Of t ice 

28 . 8 

8.0 

6 . 3 

3.7 

5.4  8.2  1 6 . 1 

Homemaker 

26 . 2 

6 . 7 

4 . 8 

3.0 

1.9  5.7  7.8 

Pi  e-co  1 1 1'lir 

12.4 

5.7 

1 . 0 

-0.5 

-0.1  0.5  3.3 

do  1 1 eqe 

21.1 

2 . 3 

-2.6 

-3.2 

-1.1  0.3  7.8 

•St  at  i st  i c.i  1 1 \ 
‘-Fxcludes  one 
V.xc  1 udes  ime 

■ S i qn  i t i cant  , 

5 year  old. 

21  year  old. 

P " -o 

5 . 

Thus  the  hiqhi 

a HTL ' 

s obscrv 

ed  a menu  factory /commercial  and  office 

workers  were  undoubt 

ed 1 y part  i a 1 1 y 

due  t o 

their  aqos,  which  on  the 

averaqe  were  hiqher  than  those  associated  with  the  other  q roups. 

P.  l'Kl'.P  1 CTINO  1,  's  and  UTL's 

oq 

The  individual's  perception  of  his  noise  exposure  miqht  be 
predictive  of  his  overall  1 ^ ^ i ) ^Nd,  perhaps,  of  his  HTh's. 
Therefore,  correlations  were  calculated  between  certain  subjective 
variables  (relative  noise  exposure,  preferred  music  volume,  hobby 
reoroat ion  loudness,  favorite  hobby  loudness,  and  hazardousness 
of  normal  noise  exposure),  average  'ei(M)  aru^  fhe  HTh's.  However, 
none  of  these  correlations  was  siqnificant  (p  *-  .05),  suqqest  inq 
that  the  individual's  percept  ion  of  his  noise  exposure  is  not  a 
qood  indicator  of  his  typical  daily  noise  exposure  or  of  his  hear- 
i nq  t hresho l d . 


Since  the  individual's  typical  noise  exposure  might  also  be 
predictive  of  his  HTL's,  correlations  were  calculated  between  aver- 
age L and  each  of  the  audiometric  variables,  however,  they 

eq ( 2 4 ) 

too  were  not  significant  (p  < .05). 

II.  DOSIMETER  CONSISTENCY 

It  is  clear  that  the  dosimetery  data  collected  in  this  study 
would  be  of  little  value  if  there  was  no  assurance  that  the  various 
dosimeters  utilized  produced  similar  readings  for  a particular  noise 
exposure  and  that  a given  dosimeter  did  not  introduce  a systematic 
bias  into  the  readings.  In  order  to  assure  ourselves  that  the  dosim- 
eter data  were  reasonably  reliable,  several  validation  checks  were 
conducted  in  addition  to  the  standard  calibration  checks  described 
earlier.  These  validation  checks  were  accomplished  both  prior  to 
and  subsequent  to  the  7-day  tests. 

Validation  Test  1 : Six  dosimeters  were  placed  at  equal  dis- 
tances around  a radio  that  was  playing  popular  music  for  6 minutes. 
The  results  of  this  test  are  summarized  below: 


Dos imeter 


Accumulated  Counts 


Cal ibra  tion : 
68.3  sec  0 94  dB 


Actual 


in  dB 


Loomis  #34 
Loomis  #35 

Computer  Engineering  #1 
Computer  Engineering  #2 
B&K  #1  (30  dB  pre-amp) 
B&K  #2  (30  dB  pre-amp) 


1195 


81.9 
81.3 
81.8 
81.8 
81 . 3 
80 . 5 


It  can  be  seen  that  the  responses  of  these  dosimeters  were 
quite  similar.  In  fact,  the  differences  between  the  highest  and 
lowest  L ' s was  only  1.4  dB. 

Validation  Test  2:  Two  R&K  dosimeters  were  used  to  assess 
consistency  both  between  units  of  the  same  type  and  with  regard  to 
microphone  placement.  B&K  #1  was  worn  with  the  microphone  approxi- 
mately 15  cm  above  the  waist.  B&K  #2  was  worn  with  the  microphone 


on  the  shoulder  at  ear  level.  Noise  exposure  included  about  1.5 
hours  in  a car  on  the  highway  with  the  window  down,  4 hours  around 
radio  and  television  at  medium  volume,  and  0.5  hour  around  a trac- 
tor. The  total  exposure  time  was  16  hours. 


Dosimeter 

BiK  #1  (30  dB  pre-amp) 
B&K  #2  (30  dB  pre-amp) 


Accumulated  Counts 


Calibration : 

6 8.3  sec  @ 94  dB 


Actual 


L in  dB 
ec 


68 . 9 

6 8.4 


Here,  not  only  were  the  L * s from  two  different  dosimeters 
1 eq 

quite  similar,  but  they  were  quite  similar  even  though  the  micro- 
phones were  not  in  close  proximity.  This  suggests  that  microphone 
placement  is  probably  not  as  critical  as  some  writers  have  sug- 
gested . 

Validation  Test  3;  An  individual  wore  3 dosimeters  simulta- 
neously for  24  hours,  32  minutes.  The  results  are  summarized  below: 


Dos imeter 


Calibration : 
68.3  sec  94  dB 


Accumulated  Counts 
n : 

4 dB  Actual 


L in  dB 
eq 


Loomis  $34 

550 

8511 

74  . S 

Computer  Engineering  #2 

376 

4724 

73.9 

3S.K  42  (16  dB  pre-amp) 

13.8 

269 

75.8 

Again,  the  's  are  quite  similar.  These  three  validation 
tests,  as  well  as  others  that  were  conducted  during  the  course  of 
this  project,  demonstrate  that  none  of  the  dosimeters  used  in  this 
study  appear  to  have  a systematic  bias.  Although  on  a given  occa- 
sion a particular  dosimeter  might  indicate  a higher  or  lower  1, 

eq 

than  was  actually  the  case,  there  is  no  evidence  to  suggest  that 
it  may  have  done  so  in  any  consistent  fashion  --  such  as  consist- 
ently reading  high  or  low. 


SECTION  4 
DISCUSSION 


According  to  t ho  Environmental  Protection  Aqency's  levels 
document  (EPA,  1974),  restrict i nq  daily  L /n  ,,'s  to  73  dB  would 
protect  virtually  the  entire  population  from  any  siqnificant  hear- 
inq  impairment  (i.e.,  from  any  permanent  threshold  shift  in  excess 
of  5 dB) . Consequently,  a daily  exposure  that  does  not  exceed  an 
L . of  70  dB  can  be  considered  a "safe  exposure  for  protection 
of  hearing  that  has  an  adequate  margin  ot  safety." 


In  the  present  investigation,  t tie  noise  exposure  of  SO  sub- 
jects was  continuously  monitored  for  7 consecutive  days.  Over 
these  days,  mean  daily  L ( ^ } ' s were  72.8,  74.1,  72.8,  73.4,  74.1, 

7 3.8,  and  71.4  dB,  while  t he  correspond i nq  median  daily  1.  , ...  's 

eq  ( 2 4 ) 

were  72.8,  74.3,  7 1.2,  74  . 1,  74. r>,  73.0,  and  71.1  dB.  The  similar- 
ity between  the  means  and  medians  reflects  the  fact  that  the  1. 


eq 

were  tairly  normally  distributee!  and,  thus,  that  each  measure  can 

interchanqoably  be  used  to  represent  the  typical  subject's  I,  ( j ^ . 

Clearly,  then,  on  each  day  of  the  test,  the  typical  subject  had 

daily  I.  , , . ' s that  exceeded  what,  to  the  Environmental  Protection 

eq  l .-  -1  ) 

Aqency,  constitutes  a safe  exposure.  In  fact,  over  80  percent  ot 

the  subjects  had  7-day  enerqv  averaqe  !,  ,,  's  that  exceeded  70 

eq  (24) 

dB,  while  the  mean  and  median  7-dav  enerqv  averaqe  I,  , 's  were 

eq  (24) 

74 . A and  74.7  dB . 


It  1.  , ,,.'s  differed  qreatlv  from  dav  to  dav  w 1 1 h in  subjects, 

eq  t ^ -1 ) 

there  would  bo  large  discrepancies  between  the  individual's  mean 

and  enerqv  averaqe  1,  i ^ ^ ^ ' s , For  example,  suppose  an  individual's 

daily  l.  ,^  ,^'s  were  60,  60,  60,  60,  90,  90,  and  90  dB.  His  mean 

1.  , would  then  be  72.9  dB,  while  his  energy  averaqe  I.  . 

eq t _ 9 ) • eq  ( _ 4 ) 


It  should  be  emphasized  that  the  70  dB  level,  as  published  in  the 
document  , "Information  on  hovels  ot  Env i ronment a 1 Noise  Requisite 
to  Protect  Public  Health  and  Welfare  with  an  Adequate  Margin  of 
Safety",  was  identified  without  considering  technical  or  economic 
t eas l b i I i t v . 


n 


to* 


would  bo  8t>.3  d b . Since  sui.ii  discrepancies  would  express  t hem- 

solvos  .tu  larqe  differences  botwoon  t ho  overall  moan  1.  , and 

eq  ( . 4 ) 

the  mean  7-day  enerqy  averaqe  1.  it  miqht  bo  quest  ionablo 

Oq  t J 4 ) 

as  to  which  measure  better  represented  the  typical  subject's  daily 


1. 


eq ( 24 ) ' 
ovet  a 1 1 mean  1. 


In  this  investiqat ion  that  question  is  moot  since  the 


...  and  the  mean  7-da\  enerqv  averaqe  1.  t-'4) 

(241  Oil 


were  very  similar  (73.  l vs.  74.5  db)  . 

The  mean  ~-dav  enerqv  averaqe  1. 


observed  in  tin  s i n- 


eq  (24) 

vest  mat  ion  is  probably  a somewhat  conservat ive  estimate  ot  the 

typical  individal's  normal  exposure  since  individuals  t rom  noise 

intensive  industry  may  have  been  under-represented  in  t he  sample 

ot  subjects  selected.  Thus,  the  typical  individual,  ovoi  the 

course  ot  a normal  week,  probably  has  a 7-day  enerqv  averaqe 

1.  ^ ■*  4 > somcwhat  in  excess  ot  7 5 db.  Since  the  typical  individual' 

l,  ,,'s  are  probably  several  decibels  hiqliei  than  the  70  db 
eq  (24) 

limitation  suqqested  in  ITA's  levels  document , does  this  mean  that 

mil  s t ot  us  are  at  risk  ot  some  siqni  t'icant  , no  i se- i nducod  , lie.u  inq 

impairment.'  It  may,  but  aqain  it  may  not.  In  establ  ishinq  the 

70  db  limitation,  the  KPA  was  attempt  inq  to  protect  the  iiuiividu.il 

with  an  adequate  marqin  ot  safety.  Ouite  simply,  this  means  that 

an  L , ...  ot  70  db  is  a ronsorv.i  t i ve  estimate  of  what  is  necessarv 
eq  (24) 

tv-'  protect  the  public  from  any  siqnificant  hearino  impairment. 


m 1,  of  75  db  would  be  sut  ti- 

lth) 


The  EPA's  levels  document  also  suqqested  that  restrict  inq 
occupational  noise  exposure  t 

cient  to  protect  the  public  since  this  would  still  result  in  an 

1,  , ...  ot  about  70  db  --  provided  that  iion-occupat  ion.il  exposure 

eq t . 4 i 

was  neqliqible.  For  most  of  us,  thouoh,  non-occupat ional  exposure 

is  probably  not  neqliqible.  In  fact  , amoiui  the  par t i c i pant s in 

this  invest iqat ion,  1,  , , 's  (non-occupat ional ) averaqed  iust 

eq (niqht ) r 

1 .7  db  less  than  L . . 's. 

eq  (day ) 

liven  thouqh  7-day  enerqv  averaqe  1.  , , , ' s for  most  subjects 

eq  (24; 

exceeded  what  UFA  considers  a sate  exposure  level,  their  l.  's 

eq 

were  much  lower  than  that  which  would  be  experienced  by  a worker 
who  durinq  the  work  week  was  exposed  to  the  maximum  level  per- 
missible under  OSIIA's  current  noise  exposure  requlat  ion.  At  the 


very  minimum,  such  a worker  would  have  a 7-day  energy  average 

Leg  CM)  a^out  84  dB.  Only  one  subject's  7-day  energy  average 

was  that  high  and,  surprisingly  enough,  he  was  a 13  year  old  boy 

But  he  was  not  the  only  youngster  with  high  ' s . Those  in  the 

pre-college  group  exhibited  higher  7-day  energy  average  L0q{24)' 

than  did  those  in  any  other  occupational  group.  Ranging  from  69 

to  84.9  dB,  only  one  of  the  pre-college  subjects'  energy  average 

L 's  fell  below  70  dB. 

eg  (24 ) 
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PRE-TEST  SCALES 


1.  In  comparison  to  others,  how  often  do  you  feel  you  are  exposed 
to  loud  noises  (include  music,  social  events,  hobbies , etc.)? 

a.  I am  exposed  to  a great  deal  less  than  others 

b.  I am  exposed  to  a little  less  than  others 

c.  I am  exposed  to  about  the  same  amount  as  others 

d.  I am  exposed  to  a little  more  than  others 

e.  I am  exposed  to  a great  deal  more  than  others 

2.  How  would  you  rate  the  amount  of  loud  noise  you  are  exposed 
to  at  work  (or  school)  compared  to  the  amount  you  are  exposed 
to  at  home  or  away  from  work? 


a.  I am  exposed  to  a great  deal  less  at  work  than 
elsewhere 

b.  I am  exposed  to  less  at  work  than  elsewhere 

c.  The  levels  are  about  equal 

d.  I am  exposed  to  more  at  work  than  elsewhere 

e.  I am  exposed  to  a great  deal  more  at  work  than 
elsewhere 


3.  When  you  listen  to  music,  at  what  level  do  you  most  prefer  the 
volume  to  be? 

a.  Very  low 

b . Low 

c.  Medium 

d.  High 

e.  Very  high 

4.  If  you  had  to  rate  your  hobbies  and  recreational  activities 
on  a scale  of  loudness,  how  would  you  rate  them? 


a . 

Extremely 

quiet 

b. 

Quiet 

c . 

Med ium 

d . 

Loud 

e . 

Extreme ly 

loud 

5.  If  you  had  to  rate  your  favorite  hobby  on  a scale  of  loudness, 
how  would  you  rate  it? 


a.  Extremely  quiet 

b.  Quiet 

c.  Medium 

d . Loud 

e.  Extremely  loud 


I 


Do  you  think  the  amount  of  noise  you  are  exposed  to  daily  is 
in  any  way  damaging  to  your  hearing? 

a . No 

b.  Probably  not 

c . Do  not  know 

d.  Probably,  yes 

e.  Yes,  definitely 


POST-TEST  SCALES 


With  the  exception  of  when  you  were  sleeping,  about  how  often 
did  you  wear  the  dosimeter? 

a.  Almost  never 

b.  About  25%  of  the  time 

c.  .About  half  of  the  time 

d.  About  75%  of  the  time 

e.  Almost  all  the  time 

How  inconvenient  did  you  find  it  to  wear  the  dosimeter? 

a.  Very  inconvenient 

b.  Slightly  inconvenient 

c.  Not  inconvenient  at  all 

In  comparison  to  the  amount  of  noise  you  feel  you  are  usually 
exposed  to  in  a week,  the  noise  you  were  exposed  to  this  past 
week  was : 

a.  Much  less  than  usual 

b.  Less  than  usual 

c.  About  the  same 

d.  More  than  usual 

e.  Much  more  than  usual 
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